Introduction
Bacterial classification is currently based on phenotypic and genomic characteristics and the building of phylogenetic relationships using a comparison of the 16S ribosomal RNA [1] [2] [3] . Culturomics studies are based on the multiplication of culture conditions with a rapid identification method, which has allowed us to recently extend the gut microbiota repertoire [4, 5] . In parallel, a new concept of bacterial description, termed taxonogenomics, has recently been developed combining a proteomic description with the matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) profile associated with a biochemical and genomic description of the new bacterial species [4] . To date, nine bacterial species have officially been recognized through taxonogenomics [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
The genus Bacillus was established in 1872 by Cohn and is composed of strictly aerobic and facultatively anaerobic rodshaped bacteria that form heat-resisting endospores [16] [17] [18] [19] . It includes over 200 described species and subspecies belonging to the Firmicutes phylum (http://www.bacterio.net/bacillus.html). These bacteria are widely distributed in the environment (soil, water, air), plants, food and human clinical samples [20] . The most known pathogenic Bacillus species is Bacillus anthracis, but most Bacillus are considered to be harmless to humans [20] .
Bacillus rubiinfantis strain mt2 T (= Collection de souches de l'Unité des Rickettsies (CSUR) P1141 = Deutsche Sammlung von Mikroorganismen (DSM) 28615) is the type strain of B. rubiinfantis sp. nov. This bacterium is Gram positive, spore forming, facultative anaerobic and motile. It was isolated from the stool of a child living in Niamey, Niger, with severe acute malnutrition (kwashiorkor).
Material and Methods
Organism information: classification and features A stool sample was collected from a 2-year-old girl living in Niamey, Niger, with severe acute malnutrition. Consent was obtained from the child's parents by the National Hospital of Niamey, and the study was approved by the Institut Fédératif de Recherche 48, Faculty of Medicine, Marseille, France (agreement 09-022). The patient did not receive any antibiotics at the time of sample collection; the fecal sample was stored at −80°C.
Strain identification
All the colonies were identified by MALDI-TOF, as described below. In the case of no matching spectra in the database, we further characterized the colonies using 16S rRNA sequencing, as previously described. If the 16S rRNA sequence similarity value was lower than 98.7%, we considered a new species without performing DNA-DNA hybridization as suggested by Stackebrandt and Ebers [21] .
Phenotypic characteristics
The main phenotypic characteristics (i.e. Gram staining, motility, sporulation, catalase and oxidase test) were performed as previously described [22] . The chemical characteristics of the newly isolated strain were investigated using API 20NE, API ZYM and API 50CH strips (bioMérieux, Marcy l'Étoile, France). Growth temperatures were tested at 25°C, 30°C, 37°C, 45°C and 55°C. The growth of the strain was tested under anaerobic and microaerophilic conditions using GENbag anaer and GENbag microaer systems, respectively (bioMérieux) and under aerobic conditions with or without 5% CO 2 . Regarding electron microscopy, detection formvar coated grids were deposited on a 40 μL bacterial suspension drop and incubated during 30 minutes at 37°C. The grids were incubated for 10 seconds on ammonium molybdate 1%, dried on blotting paper and then observed with a Morgani 268D at an operating voltage of 60 kV. MALDI-TOF protein analysis was carried out as previously described [23] using a Microflex spectrometer (Brüker Daltonics, Leipzig, Germany). Twelve individual colonies were deposited on a MTP 96 MALDI-TOF target plate (Brüker). The 12 spectra were imported into the MALDI BioTyper software (version 2.0; Brüker) and analysed by standard pattern matching (with default parameter settings) against the main spectra of 6.252 bacteria, including 199 spectra from 104 validly named Bacillus species used as reference data in the BioTyper database. A score enabled the presumptive identification and discrimination of the tested species from those in a database: a score of >2 with a validated species enabled the identification at the species level, and a score of <1.7 did not enable any identification [23] . No significant score was obtained for strain mt2, thus suggesting that our isolate was not a member of any known species. The obtained reference spectrum for B. rubiinfantis strain mt2 T (Fig. 4) was incremented in our database and compared to other members of the Bacillus genus. The observed differences are shown in gel view in Fig. 5 . grown on three petri dishes were collected and resuspended in 4 × 100 μL of Tris-EDTA (TE) buffer. Then 200 μL of this suspension was diluted in 1 ml TE buffer for lysis treatment that included a 30-minute incubation with 2.5 μg/μL lysozyme at 37°C, followed by an overnight incubation with 20 μg/μL proteinase K at 37°C. Extracted DNA was then purified using 3 successive phenol-chloroform extractions and ethanol precipitations at −20°C overnight. After centrifugation, the DNA was resuspended in 160 μL TE buffer.
Genome sequencing and assembly Genomic DNA of Bacillus rubiinfantis was sequenced on the MiSeq Technology (Illumina, San Diego, CA, USA) with the mate-pair strategy. The gDNA was barcoded in order to be mixed with 11 other projects with the Nextera Mate Pair sample prep kit (Illumina). gDNA was quantified by a Qubit assay with the high sensitivity kit (Life Technologies, Carlsbad, CA, USA) to 66.2 ng/μL. The mate-pair library was prepared with 1 μg of genomic DNA using the Nextera mate-pair Illumina guide. The genomic DNA sample was simultaneously fragmented and tagged with a mate-pair junction adapter. The pattern of the fragmentation was validated on an Agilent 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA) with a DNA 7500 labchip. The DNA fragments ranged in size from 1 kb up to 11 kb, with an optimal size of 3.927 kb. No size selection was performed, and 505 ng of tagmented fragments were circularized. The circularized DNA was mechanically sheared to small fragments with an optimal at 597 bp on a . Spectra from 12 individual colonies were compared and reference spectrum was generated.
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Covaris S2 device in microtubes (Covaris, Woburn, MA, USA). The library profile was visualized on a High Sensitivity Bioanalyzer LabChip (Agilent), and the final concentration library was measured at 59.2 nmol/L. The libraries were normalized at 2 nM and pooled. After a denaturation step and dilution at 15 pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and sequencing run were performed in a single 39-hour run at 2 × 251 bp. Total information of 10.7 Gb was obtained from a 1283 K/mm 2 cluster density, with a cluster passing quality control filters of 99% (24 072 208 clusters). Within this run, the index representation for Bacillus rubiinfantis was determined to 9.71%. The 2 053 904 paired reads were filtered according to the read qualities. These reads were trimmed, then assembled. A genome with 12 scaffolds and a size of 4.32 Mb was generated. The percentage GC was calculated at 40.0%.
Genome annotation and genome analysis
Open reading frames (ORFs) were predicted using Prodigal (http://prodigal.ornl.gov/) with default parameters, but the predicted ORFs were excluded if they spanned a sequencing gap region (contain N). The predicted bacterial protein sequences were searched against the Clusters of Orthologous Groups (COGs) using BLASTP (E-value 1e− 03 , coverage 0.7, identity 30%). If no match was found, it searched against the NR database using BLASTP with an E-value of 1e− 03 , coverage 0.7
and identity 30%, If the sequence lengths were smaller than 80 amino acids, we used an E-value of 1e− 05 . The tRNAScanSE tool [24] was used to find tRNA genes, whereas ribosomal RNAs were found by RNAmmer [25] . Lipoprotein signal peptides and the number of transmembrane helices were predicted using Phobius [26] . 54
(AF013121.1), Bacillus thuringiensis (D16281.1), Bacillus amyloliquefaciens (AB006920.1), Bacillus mojavensis (AB021191.1), Bacillus thermoamylovorans (L27478.1) and Clostridium butyricum (AJ58420.1). Genomes were automatically retrieved from the 16S RNA tree using Xegen software (Phylopattern) [27] . For each selected genome, the complete genome sequence, proteome genome sequence and Orfeome genome sequence were retrieved from the File Transfer Protocol (FTP) of National Center for Biotechnology Information. All proteomes were analysed with proteinOrtho [28] . For each couple of genomes, a similarity score was then computed. This score is the mean value of nucleotide similarity between all couples of orthologues between the two genomes studied (AGIOS) [6] . An annotation of the entire proteome was performed to define the distribution of the functional classes of predicted genes according to the clusters of orthologous groups of proteins (using the same method as for the genome annotation).
Results
Phenotypic description Strain mt2 T (Table 1) was first isolated in January 2014 by a 21-day anaerobic preincubation in blood culture with sheep's blood and cultivation 5% sheep's blood-enriched Colombia agar (BioMérieux) in anaerobic atmosphere at 37°C. This strain showed a 96% nucleotide sequence similarity with B. bataviensis, the phylogenetically closest Bacillus species with a valid published name (Fig. 1) . This similarity value is below the 16S rRNA threshold of 98.7% set by Stackebrandt and Ebers to delineate a new species without carrying out DNA-DNA hybridization [21] .
Various growth temperatures (25°C, 30°C, 37°C, 45°C and 56°C) were tested. Growth occurred between 25°C and 45°C on blood-enriched Columbia agar (bioMérieux), with the optimal growth being obtained at 37°C after 48 hours of incubation. Growth of the strain was tested under anaerobic and microaerophilic conditions using GENbag Anaer and GENbag microaer systems, respectively (bioMérieux), and under aerobic conditions, with or without 5% CO 2 . Optimal growth was achieved aerobically. Weak cell growth was observed under microaerophilic and anaerobic conditions. The motility test was positive, and the cells were sporulating. Colonies were translucent and 10 mm in diameter on blood-enriched Columbia agar. Cells were Gram-positive rods (Fig. 2) . Under electron microscopy, the bacteria grown on agar had a mean diameter and length of 0.54 and 0.62 μm, respectively (Fig. 3) .
Strain mt2 T exhibited catalase activity but was negative for oxidase. Using an API ZYM strip (BioMérieux), positive reactions were observed for esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, α-chymotrypsin, acid phosphatase, naphtol-AS-BIphosphohydrolase, α-galactosidase and β-galactosidase. Negative reactions were observed for lipase (C14), trypsin, alkaline phosphatase, β-glucuronidase, α-glucosidase, β-glucosidase, α-fucosidase, α-mannosidase and N-acetyl-β-glucosaminidase. Cells are susceptible to vancomycin, rifampicin, doxycycline, erythromycin, amoxicillin, nitroflurantoin, ciprofloxacin, ceftriaxone, penicillin G, gentamicin and imipenem but resistant to trimethoprim/ sulfamethoxazole and metronidazole. The differences exhibited by the comparison with other representatives of the genus Bacillus are detailed in Table 2 .
Genome properties
The genome of B. rubiinfantis strain mt2
T is 4 311 083 bp long with a 40.0% G+C content (Fig. 6 ). Of the 4149 predicted genes, 4028 were protein-coding genes and 121 were RNAs. Out of these 121 rRNA genes, 11 are 16S rRNA genes, 9 are 23S rRNA, 11 are 5S rRNA and 90 predicted tRNA genes were identified in Tables 3 and 4 . The distribution of genes into COGs functional categories is presented in Table 4 . It was the 70th organism identified within the Bacillus genera. The genome's GenBank accession number is CCFE01000000 and consists of 12 scaffolds and 33 contigs. To evaluate the genomic similarity among studied Bacillus strains, we determined two parameters, dDDH, Which exhibits a high correlation with DDH [29, 30] , and AGIOS [6] , which was designed to be independent from DDH (Tables 5  and 6 ).
Genome comparison
however, the distribution of genes into COGs categories was similar in all compared genomes (Fig. 7 
Conclusion
On the basis of phenotypic, phylogenetic and genomic analyses, we formally propose the creation of Bacillus rubiinfantis sp. nov. that contains the strain mt2. This bacterial strain has been isolated from the fecal flora of a 2-year-old girl from Niamey, Niger, with kwashiorkor.
Taxonomic and nomenclatural proposals: description of Bacillus rubiinfantis strain mt2 T sp. nov.
The cells are Gram-positive, sporulating and rod-shaped bacilli with a diameter of 0.5 μm. Colonies are translucent and 10 mm in diameter on 5% sheep's blood-enriched Columbia agar (bioMérieux) and are catalase positive and oxidase negative. Positive reactions are observed for esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, α-chymotrypsin, acid phosphatase, naphtol-AS-BIphosphohydrolase, α-galactosidase and β-galactosidase. Negative reactions are observed for lipase (C14), trypsin, nitrate reduction, alkaline phosphatase, β-glucuronidase, α-glucosidase, β-glucosidase, α-fucosidase, α-mannosidase and N-acetyl-β-glucosaminidase.
Cells are susceptible to vancomycin, rifampicin, doxycycline, erythromycin, amoxicillin, nitroflurantoin, ciprofloxacin, ceftriaxone, penicillin G, gentamicin and imipenem but resistant to trimethoprim/sulfamethoxazole and metronidazole.
The G+C content of the genome is 40.0%. The 16S rRNA gene sequence and whole-genome shotgun sequence of B. rubiinfantis strain mt2
T are deposited in GenBank under accession numbers LK021113 and CCFE01000000, respectively. The type strain mt2 T (= CSUR P1141 = DSM 28615) was isolated from the stool of a child living in Niamey, Niger, with kwashiorkor.
